Introduction
Stone tools are widely regarded as good indicators of the development of intelligence, technique, cognition and adaptability of prehistoric people, because hunter-gatherers would have developed different strategies to cope with climate fluctuations, environmental changes and constraints on available resources in different areas. In accordance with the châine opératoire concept (Schiffer 1972; Sellet 1993) , stone material, its production, use, repair, and waste, and every step of its utilisation are closely related to its function. Research into the function of stone tools is thus an important way to understand prehistoric human behaviour and subsistence strategies, and can also provide a new perspective for interpreting the development of human adaptations and social organisation.
Use-wear analysis is a method developed by archaeologists to infer the function of a tool on the basis of microscopic traces of wear left on its edges or surfaces. Since the introduction of Sergei Semenov's translated English monograph Prehistoric Technology (1964) , use-wear analysis has become a principal approach for interpreting the function of stone ABSTRACT -Lithic use-wear Keeley (1980) , which concentrates on the formation and distribution of use polish at relatively high magnifications (100-400x) under either incident light microscopes or scanning electron microscopes (SEM). The other is the low-power technique, advocated by Ruth Tringham et alii (1974) and George Odell (1979) that focuses on traces of edge-damage, microscopic fracturing and abrasion visible at relatively low magnifications (5-200x) under reflective-light stereoscopic microscopes. After decades of experiment and practice, it has been shown that each use-wear technique has its own particular advantages and weakness (Shea 1987) , and analysts often use both highand low-power techniques in one analysis (UngerHamilton 1989; Grace 1996) .
The Xiachuan and Chaisi sites are important Upper Paleolithic sites in northern China ( Fig. 1 ) with a microblade-dominated industry. The Xiachuan site was discovered in 1970 in southern Shanxi Province. Two cultural layers separated by a sterile layer were identified. It is reported that more than 1800 stone artefacts were excavated from the upper cultural layer in the 1973-1975 excavations (Wang et al. 1978) . In addition, 4415 stone artefacts were collected from other localities at Xiachuan between 1990 and 1992 (Chen 1996 . Abundant microliths were found in the upper layer, including end-scrapers, backed-knives, burins, points, microblades and microblade-cores. According to radiocarbon dating, the age of the upper layer of Xiachuan site is estimated between 23 000 BP (Tang 2000; Kuzmin 2007 ) and 13 900 BP (CASS 1991) . The Chaisi Site, also known as Locality 77:01 at Dingcun, was found in 1977 on the second terrace of the Fenhe River near Chaisi in Xiangfen County, Shanxi Province. The excavation in 1978 yielded numerous microblade remains and a few large chipping stone tools (Wang 1986; Wang et al. 1994) . There are two radiocarbon dates for the site: 26 495±590 BP and 40 000 BP (Li 1993) . The excavator of this site argued that the former date is reasonable, particularly for the microblade remains (Wang 1986) . It has been suggested that the lithic assemblage of Chaisi might have been the predecessor of that at Xiachuan (Wang et al. 1994; Zhang 2003) .
The function of stone tools has been a popular topic for prehistoric archaeologists. However, archaeological research on the stone artefacts from Xiachuan and Chaisi have so far focused only on their morphological features or manufacturing techniques. In this study, some artefacts from the two sites were selected for use-wear analysis to explore how the tools might have been employed and what materials might have been exploited.
Methods and materials
Use-wear analysis has emerged as one of the principal methods for interpreting the functions of stone tools. The low-power technique has been employed in several studies and in the past two decades has been proven to be a reliable method for interpreting uses of stone tools (Shen 2001; Zhang et al. 2010; Gao, Shen 2008; Chen et al. 2010) . The low-power technique has a number of advantages. First, it is a reliable means of assessing the use-task of stone tools by identifying edge damage, as well as detecting polish and striations. Second, since observation of implements takes less time, this technique is suitable for examining a large number of artefacts in a limited time. Third, it has great potential for studying other material, such as bones and jade (Potts, Shipman 1981; Bromage, Boyde 1984; Zhang et al. 2002) . Fourth, for most analysts, the equipment needed for this technique is not expensive.
We thus employed the low-power technique in this study, using an Olympus SZX12-3131 stereoscopic microscope with a magnification between 3.5x-144x, to focus on evidence of micro-fractural scarring and edge rounding through use-wear. Polish and striation wear patterns were also observed if possible. After a preliminary examination, some artefacts from Xiachuan and Chaisi were selected for further analysis because they showed indications of use-wear. A total of 93 specimens were observed and analysed (Fig. 2) , including 19 from Xiachuan (11 microblades and 8 core-like tools) and 74 from Chaisi (63 microblades and 11 core-like tools). The main raw materials of these specimens are black or yellow chert.
Results
The term 'functional unit' (FU) was used to describe the segment of the working edge, including both usewear and hafting or prehensile wear. The analytic results suggest that 27.96% of specimens show usewear (N = 26). Most tools display more than one FU. Therefore, 32 FUs were found in different locations on 26 used specimens.
For the Xiachuan specimens, five microblades and one core-like tool show positive use-wear. Eight FU's were identified. Four types of tool motion were inferred: cutting or sawing (up to 62.5%), slicing, scraping, and gripping (Tab. 1). Contact materials commonly range from soft to hard animal substances such as flesh, fresh hide, dried hide, and fresh bone (Tab. 2). From a cross-tabulation of tool motion and contact material, the use-tasks comprised cutting or sawing flesh (N = 2), cutting or sawing hide (N = 3), slicing flesh (N = 1), and scraping hide (N = 1).
On the Chaisi specimens, 24 FUs were identified on 20 specimens, including 15 certain and 9 uncertain types of use-wear. Three pieces retain a prehensile area associated with a working surface on edges. Use-wear was also identified on a number of microblades, accounting for 31.7%, while no use-wear was found on the core-like tools. Use-wear on blades or microblades indicated that these artefacts were used for cutting/sawing, slicing, scraping, and hafting (Tab. 1). Most of the use-wear was related to animal substances of varying hardness, while 8.3% were associated with vegetal substances (Tab. 2). Animal butchering, flesh processing and hide processing might have been the main tasks for the occupants of Chaisi; for instance, two use-wear FU's show the feature as a result of simultaneous contact with both flesh and bone. Three segments of micro-scars in a discontinuous distribution on the edges of microblades appear different from the scars caused by processing hard substances. It is inferred that these microblades were inset in a medium-hard material such as bone or fresh wood, and used as a composite tool with a hafted shaft, because the identifying features are similar to those simulated in previous experiments (Zhao et al. 2008) . 
Discussion and summary
In this study, we applied use-wear analysis to microscopically examine edge-damages and surface-rounding of specimens from the Upper Palaeolithic Xiachuan and Chaisi sites in order to assess how they were used. The analytic results reveal direct evidence of stone tool manufacturing and function. Those blades or microblades with straight and sharp edges might have been manufactured to be intentionally used as composite tools by being inset in a shaft. According to the evidence of functional analysis, the core-like tools should be re-classified as microblade cores rather than tools.
Function of microblades
The analytic results suggest that 5 pieces of microblades from Xiachuan and 20 pieces from Chaisi retain indications of use-wear, including 27 used wear FUs and 4 hafting wear FUs. Cutting and scraping are the main motions. Most of the corresponding contact materials were soft animal substances such as flesh and hide, and a few are hard animal substances such as bone. Only 27.8% of the microblades from Xiachuan had been used, which is lower than our previous expectations. Tracey Lu (1999) mentioned that by using high-power techniques she had found some use-wear on a few blades at Xiachuan that was similar to 'sickle gloss', a kind of use-wear often found on microliths in Southwest Asia. However, it is difficult to understand the features and details of this 'sickle gloss' on Xiachuan tools since no photographs have been published. Several microwear studies using the high-power technique have confirmed that the 'sickle gloss' might have been caused by processing cereals or seeds (UngerHamilton 1985; Goodale et al. 2010) . As suggested by Jian-Zhong Sun et alii (2000) , the climate of the Xiachuan site was slightly colder than today, which was suitable for abundant temperate plants and animals. The use-wear evidence also suggests that the occupants of Xiachuan might have exploited and processed animals as their principal food resources (Fig. 3) . It is consistent with some scholars' speculation that the microblades were probably tools for exploiting animal substances in the particular conditions of the terminal Pleistocene, and were used by hunter-gatherers to respond to changes in the availability of resources during the Last Glacial Period (Chen 1994) .
The percentage of use-wear on microblades from Chaisi is higher than that from Xiachuan. Since the upper layer at the Chaisi site was deposited before the Last Glacial period in MIS 3, the climate was warm and humid, and plants and animals were relatively abundant. On the basis of the use-wear analysis, animal-processing (Fig. 4, lower part) would also have been one of major tasks for people living at Chaisi. Moreover, a few results indicate vegetable processing (Fig. 4 , right upper part) and might provide a picture of a dualistic structure of resource exploitation.
According to archaeological and ethnological research, microblades might be parts of composite tools which were inset in wooden or bone handles (Chard 1974; Sun 2003; Cui et al. 2010) . At the Xiachuan and Chaisi sites, those microblades with a regular shape, appropriate size and suitable sharp edges might have been selected for use, while pieces that were too thick or small, and lacking sharp or straight edges would be discarded. The identification of the three hafting-wear FUs on the microblades (Fig. 4 , left upper part) provides us with more reliable evidence for understanding how they were hafted or inset. The discovery of prehensile wear on blades is not accidental. In Xiao Zhang's dissertation (2009), she noted this phenomenon on one piece of blade from the Hutouliang site in the Nihewan Basin of North China. This tells us that there may have been an alternative mode in which some complete and large blades were directly used by hand rather than hafted.
After an overview of the usewear analysis on blades, we realised that the functions or worked materials in association with these kinds of artefact are various and diverse. Microblades might have been used for processing not only soft plants, but also the medium-hard parts of animals, hard woods or bone. Furthermore, the functions of microblades varied between different sites. More complex functions and tasks than we have hitherto understood might have involved microblades, which depends both on internal functional demands and external environmental conditions (Chen, Lian 2013) .
Function of core-like tools
The group of core-like tools uncovered at both Xiachuan and Chaisi was classified as comprising a particular kind of stone artefacts. These specimens are made on thick flakes or tabulate cherts, and display continuously long and narrow scars similar to the working face of microblade cores. In terms of the shape of their edges, the excavators classified them into several subtypes, including oblique-edge shaped, flat-edge shaped, round-edge shaped, pointed, and so on (Wang et al. 1994) . In the excavation report, the excavators classified these artefacts as core-like knives, which means they were considered as knives (Wang et al. 1978; 1994) . However, our results demonstrate that only one specimen from the Xiachuan site was used as a tool, while the other seven specimens show no use-wear. Eleven specimens from the Chaisi site bear no usewear in association with usage or hafting.
Specimen SP00971 is a good example to indicate how this kind of artefact was used. Small scars with mostly feathered terminations mainly in continuous distribution appear on the convex edge (pc8-1), reduced from the ventral side to the back with heavy rounding. Both the sheet-shaped gloss and striation can be clearly seen; moreover, these striations are vertical to the edge (Fig. 5) . This is clearly indicative of the object being employed for hide scraping. As a result, we recognised that this specimen was used as a scraper rather than as a so called core-like knife.
The original researchers classified these artefacts as tools rather than microblade-cores due to the microflaking scars on their edges, which were obviously produced by the impact with, or friction between, hard materials. The probable cause seems to trim the overhangs around the platform for the purpose of continued flaking. Therefore, we would like to classify these so called core-like knives as microblade-cores, rather than as a specific type of tool.
Some scholars have suggested that some wedge-shaped microblade-cores (Type I) at Hutouliang might have served the double functions of both tool and core (Zhu 2006) . Zhang selected 52 microcores from the Hutouliang assemblage for use-wear analysis. As a result, it was demonstrated that only 12 specimens retain use-wear (23.1%). On the one hand, the use-wear patterns found on two specimens within them might be caused by adhering to somewhere for flaking rather than being used for processing other materials. On the other hand, four FUs were determined to be caused by scraping or cutting, which is similar to specimen SP0097. Above all, the microblade cores (Type I) could not be classified as a kind of tool with an intentional design. These traces often appear on both edges of the back or bottom of the specimens, which were considered as probable locations on the microblade cores for fixing tightly and then for removing microblades later.
Indications of human behaviour
The Upper Paleolithic is identified as blade-dominated (Bar-Yosef 1999), including the technologies based on microblades in Northeast Asia, Siberia and North America, as well as geometric microliths in Europe and West Asia (Taylor 1962; An 2000) . The emergence of microblades might indicate a technology or strategy adopted to explore animal resources by people living in extremely diverse and harsh environments (Chen 1984) , which were closely connected with human migrations during the global climate changes in the Late Pleistocene (Chen 1984) .
Based on the use-wear analysis of the lithic artefacts from the Xiachuan and Chaisi sites, we can gain some insights into human behaviour. On the one hand, the microblades with a regular shape, appropriate size and sharp edges might have been selected for use. Most of the use-wear could be related to animal substances, while a few might be associated with vegetal substances, which reveals a dualisticstructured strategy for exploiting resources. We suggest that most of the microblades might have been inserted into handles for use, while some complete and larger pieces might have been used freehand.
On the other hand, the majority of core-like tools should be classified as microblade cores, while very few of them might have been used as tools with sharp edges from a functional perspective.
In summary, use-wear analysis can be used to connect the static archaeological record with the dynamic cultural context in which people operated in the past, and therefore it can play an essential role in linking human behaviour and natural processes to physical remains in the archaeological record. Usewear patterns can provide direct evidence of tool functions and material exploitation. This method in archaeological analysis might provide a new way to understand human activities in prehistory.
